THE FUNDAMENTAL LAWS                      g
tion at the tangent plane OE is, then, for every position of the point 0', equal to Pfl' + O'P'. Now this length is a minimum ifPl9 Ofy and P' lie in a straight line. But in that case the point 0' actually coincides with the point 0 which is determined by the law of reflection. But since the property of a minimum (as well as of a maximum) is expressed by the vanishing of the first derivative, i.e. by equation (n), therefore equation (7) is proved for a single reflection.
It is to be observed that the vanishing of the first derivative is the condition of a maximum as well as of a minimum. In the case in which the refracting body is actually bounded by a plane, it follows at once from the construction given that the path of the light in reflection is a minimum. It may also be proved, as will be more fully shown later on, that in the case of refraction the actual path is a minimum if the refracting body is bounded by a plane. Hence this principle has often been called the law of least path.
When, however, the surface of the refracting or reflecting body is-curved, then the path of the light is a minimum or a maximum according to the nature of the curvature. The vanishing of the first derivative is the only property which is common to all cases, and this also is entirely sufficient for the determination of the path of the ray.
A clear comprehension of the subject is facilitated by the introduction of the so-called aplanatic surface, which is a surface such that from every point upon it the sum of the optical paths to two points Pand Pr is constant. For such a surface the derivative, not only of the first order, but also of any other order, of the sum of the optical paths vanishes.
In the case of reflection the aplanatic surface, defined by
PA + P'A = constant C>   ....    (12) is an ellipsoid of revolution having the points P and Pr as foci.he space in which the light rays exist.  The Effect of Change in Temperature upon the Spectrum of
